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SUMMARY

This tudy determines the range of time, labor, materiel dollars, weight, volume,
energy, casualties, and vehicles associated with breaching a 14-8 minefield using select-
ed 'loctrine and materiel as of 1 September 1971.

It is intended that this system description serve as a baseline for the comparison of
alternative conceptual countermine systems.
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FOREWORD

The Systems Engineering Division of the Systems Engineering and Computation
Support Office was requested by the Mine Neutralization Division of Countermine/
Counter Intrusion Department to undertake a countermine systems study. This report
covers effort directed toward the initial baseline systems description, which was done
during the period from 2 January 1972 to 17 April 1972.
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COUNTERMINE SYSTEMS STUDY
PART IA

BASELINE SYSTEM DESCRIPTION

I. INTRODUCTION

1. Objective. The objective of this study is to identify and evaluate alternative
approaches for the improvement of armored vehicle mobility where and when enemy
mines are present.

2. Approach to the Problem. In order to reach the stated objective, the total
study has been planned along the following lines:

a. Part IA: Medium- and High-Density Mining.

(1) Tactical Mission Functions.

(2) Countermine Mission Functions.

(3) Barrier Minefield Model and Countermine System Breaching Data.

(a) Dismounted Breaching Operations: Time, Labor, Materiel,
and other Associated Costs.

(b) Armored Vehicle Breaching Operations: Time, Labor, Mate-
riel, and other Associated Costs.

(c) Combined Dismounted/Armorcd Breaching Operations: Time,

Labor, Materiel, and Other Associated Costs.

(d) Red Barrier Minefield Costs: Time, Labor, Materiel, and

other Costs.

b. Part IB: Low-Density Mining.

c. Part II: Alternative Conceptual Systems for ,he Near-Term Army.

d. Part III: Alternative Conceptual Systems for the Far-Term Threat.

This interim report covers Part IA of the above study outline and is limited
to the analysis of costs associated with deliberate breaching operations against a barrier



minefield. The report is intended to serve as a system description or yardstick for the
evaluation of alternative conceptual countermine systems.

II. INVESTIGATION

3. Medium- and High-Density Mining. The potential existence of a high-density,
deliberate, barrier minefield in a tactical operations area poses a serious threat to the
system elements and mission of a military force. The pl:rpose of this report is to pro-
vide a base for evaluating the type-classified cuuntermine s) .tem elements in the cur-
rent Army inventory in response to this threat and to provide a basis for comparison
of possible future alternative approaches to defeating this threat. The first step taken
to establish this baseline was to place the countermine mission in the context of a tact-
ical mission to give this study the proper perspective. Tile second step necessary to es-
tablish a meaningful baseline was to determine all functions which are performed by
the existing countermine systems in response to the minefield threat and to determine
what system elements exist in the Army inventory to perform these functions. The
third step in establishing the basis for future comparison was to determine the effective-
ness of existing countermine systems in terms of quantifiable penalties to the system
elements incurred through an interaction of the system with a barrier minefield. This
interaction was simulated by means of a model barrier minefield using U. S. Army
minefield doctrine and then breaching this minefield using models of existing counter-
mine systems. The final step was to estimate the resources used to set ,p the barrier
minefield and then to compare red anti blue costs.

4. Tactical Mission Functions. The relationship of a countermi',e mission to a
tactical mission is best understood if the answers to the following two questions are
considered:

(I) What types of military operations involve countermine activity?

(2) How extensive is countermine activity relative to the total tactical
mission?

The first question may be answered by considering Fig. I which presents tile
types of military operations and situations as the elements of a complex matrix.' Tile
spectrum of countermine activity is shown to be extensive to the point where it may
be involved to some degree in all military operations. Since counlermine activity is po-
tentially widespread, the answer to the second question is essential to the establi:;hment

L.Family of Scattcrable Mines," Phase II Report., Vol. 1, 70826, ACN 17852, CDC Engineering Agency,
I Feb. 72.
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TYPES OF MILITARY OPEHATIONS SITUATIONS

AREA DEFENSE SECURITY
MOBILE DEFENSE FLANK
MOVEMENT TO CONTACT REAR
RECON IN FORCE BRIDGEHEAD
COORDINATED ATTACK FORWARD
EXPLOITATION LZ
PURSUIT DOWNED AIRCRAFT
WITHDRAWAL ROAD BLOCKS
DELAYING ACTION AIR HEAD

FRIENDLY COUNTER ATTACK ROUTES
BEACH HEAD
OBJECTIVE
SENSOR PROTECTION
ANTI FORDING
REINFORCE PERIMETER

AREA DENIAL
POTENTIAL ARTILLERY POSITIONS
RESERVE POSITIONS
KEY TERRAIN
ASSEMBLY AREAS
POTENTIAL ATTACK POSITIONS
DENIAL OF ENEMY LZ IN REAR AREAS

CONSTRICTED AREAS
BLOCK AVENUES OF APPROACH
DECEPTION
PREVENT WITHDRAWAL
COUNTER ATTACK ROUTES
CANALIZE
LETHALITY
FIX FORCES
HINDER REPAIRS

AIRFIELDS
ROAD CRATERS
BRIDGES

REINFORCE OBSTACLES
CLOSE LANES AND GAPS
SCHEDULED FIRES

INTERDICT REINFORCEMENT & SUPPLIES
DEEP MISSIONS

ENEMY AA POSITIONS
FERRY SITES

Fig. 1. Spectrum of Countermine Activity (taken from Figure 7 of Family of Scatterable
Mines, Phase 1I Report, Vol. 1, 70826, ACN 17852, CDC Engineering Agency, 1 Feb. 72).
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of a proper perspective with respect to tactical missions. To obtain this pcrspective, it
was necessary to define the functions performed in the conception, planning, and exe-
cution of a tactical mission. The most general functions are shown in Fig. 2. From this
outline, the next lower level of detail is shown in Fig. 3. But even this amount of detail
ig not sufficient to show the role of countermine activity in a tactical mission. Conse-
quently, many lower levels of detail were developed and studied. To conserve effort,
only those functions directly related'to countermine activity were broken down to
evolve and to track countermine functions from tactical functions. Figure 4 shows a
mixed level of detail that accomplishes this track. It is implied from the many functions
that were not expanded in Fig. 4 that the details of countermine activity may be a very
small part indeed of the details of a tactical mission. Thus, the relative importance of
successful countermine functions is completely dependent upon tactical factors beyond
the scope of this study. Then, the real world of countermine activity is highly complex
to the point where countermine activity must be regarded as a subsystem or even a sub-
subsubsystem. The following analysis should be interpreted in that light. 2 -"

1

2 "Armor Operations," FM 17-1, October 1966.

3"Tank Units Platoon, Company and Battalion," FM 17-15, March 1966.

4"Divisional Armored and Air Cavalry Units," FM 17-36, November 1968.

""Engineer Battalion Armor Infantry and Infantry (Mechanized) Divisions," FM 5.135, November 1965.

6"The Infantry Battalions," FM 7-20, December 1969.

7"Field Fortifications," FM 5.15, August 1968.

8"Terrain inteligence," FM 30-10, October 1967.

9"Combat Intelligence," FM 30.5, june 1967.

10"Landmine Warfare," FM 20-32, August 1966.

1l"Explosives and Demolitions," Fil 5-25, May 1967.

'"1.Engineer Field Data," FM 5-34, December 1969.

13"Staff Offi~ers' Field Manual Organization, Technical, and Logistical Data Unclassified Data," FM 101-10.1,
January 1966.

14"Encyclopedia of Mine/Countermine Warfare," Engineer Agency for Resources Inventories, October 1971.
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5. Countermine Mission V'u=tctions. For the preparation of a system descrip-
tion, it was first necessary to identify and then to relate the functions to be performed
by the countermine "system." The top-level functions for countermine operations are
shown in Fig J-. These were defined to provide a visible track of rationale from func-
tion requirements to hardware and other system elements.

Particular emphasis was placed upon the identification and analysis3 of Func-
tion 4.0, "Incur Penalty," because this function has been designed to provide a ration-
ale framework for the eventual establishment of measures of effectiveness, cost ratios,
incremental cost effective ness relationships, and other qualitative and quantitative yard-
sticks for the comparison of alternative conceptual countermine systems. From the
standpoint of system analysis, the chief significance of the "Incur Penalty" function
concept is that it permits the examination of concepts and features without the com-
plexity of relating countermirne outcomes to tactical outcomes. To expand briefly
upon this subject, Fig. 6 shows that Function 4.0, "'Incur Penalty," is composed of four
separate and distinct penalty elements:

4.02 Incur lost time

4.03 Incur loss of stealth

4.04 Incur damage to system elements:

4.04.01 Hardware

4.04.02 Facilities

4.04.03 Personnel

4.04.04 Procedural Data

4.04.05 Computer Programs

4.04.05 Animals

4.05 Incur loss of maneuver.

Each of these elements is measurable to some extent. Thus, a quantitativc
evaluation of penalties, both Red and Blue, for a given countermine situation can be
made without the need to relate these penalties to a tactical outcome. Hence, alterna-
tive system concepts may be compared in terms of penalty without consideration of
what yardstick is to be used for defining acceptable or unacceptable.

7
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Finally, an additional lower level of detail for system functions is given in
Fig. 7. The primary value of these .;unction flow block diagrams thus far in the study
has been to provide a disciplined checklist for system elements.

These diagrams will next be used in Parts II and III of this study for guiding
the development of performance and design requirements allocation for alternative con-
ceptual systems.

6. Barrier Minefield Model and Countermine System Breaching Data.

a. Dismounted Breaching Operations and Associated Time, Labor and Ma-
teriel Costs (Blue).

Threat Model

A deliberate barrier minefield was laid out on paper (Fig. 8) using a
scale of 1 inch = I0 meters. The dimensions of the barrier were approximately 300
meters deep by 406 meters wide. A density of I antitank, 4 antipersonnel fragmenta-
tion, and 8 antipersonnel blast mines (M15, M16, and M14) per meter was selected frorw
FM 17-1, Table 4-5.' s A density of 1-2-2 was used in the irregular outer edge (IOE) of
the field. It was assumed that the mines were buried and suitably camouflaged. At
this point in the study, it is not regarded as unrealistic to use a Blue minefield for a Red
threat model, but a sensitivity analysis will be performed with foreign minefield models
in a later phase of the study.

Operations Model

To be consistent with field manual data, it was first assumed that breach-
ing was to be accomplished under conditions of average visibility and moderate enemy
activity with normal U. S. countermeasures including scrcening of enemy ob-eration
and counter battery fires against hostile artillery or other weapons covering the barrier.
Then, it was also assumed that deliberate overt breaching was to be accomplished along
straight-line paths that were drawn somewhat randomly but roughly perpendicular to
the barrier. Mine fuzing was not specified, and detection by either instrument or man-

ual probing was assumed to have an effectiveness of unity, i.e., to be 100% effective.

I

1

'Armor Operations," FM 17-1. October 1966.
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Personnel for the breaching operations we:,: defined by FM 20-32,
Table 5-1)6 Equipment was defined by FM 5-25,"' FM 5-34,'8 FM 101-10-1,19 and
SB 700-2,20 with the latter document taking precedence for currency as of I Szptem-
ber 1971.

With the objective of attempting to bracket a wide variety of condi-
tions by exercising the model under "best" and "wo-t" condition, 14 different paths
were taken through the barrier minefield model. When each path line drawn through
the barrier was observed or judged to have touched a cluster, it was assumed that at
least one mine was detected. A summary of the model breaching encounter data is
presented in Table I. Paths are shown in Fig. 9.

With these basic encounter data, a family of breaching mission examples
was postulated; and time, labor, and materiel cost ranges were computed for each. The
breaching mission examples are as follows:

Mission Path Width
Examples (meters) Breaching Method

I I Detector and Detonate in Place

2 8 Detector and Detonate in Place

3 1 Manual Probe and Detonate in Place

4 8 Manual PrGbe and Detonate in Place

r 1 Bangalore Torpedo + Detect + Detonate in Place

6 6 Blind Detonate using M 157 (Snake)

7 6 Blind Detonate using M173 (Rocket)

8 8 Bangalor- Torpedo + Detect + Detonate in Place

lI"Landmine Warfare." FM 20-32, August 1966.

17"Explosives and Demolitions." FM 5-25, May 1967.

18"'Engineer Field Data," FM 5.34, December 1969.

19"Staff Officers' Field Manual Organization. Technical. and Logistical Data Undasiled Data," FM 101-10.1,
January 1966.

20 "Army Adopted/Other Selected Items and List of Reportable Items," DA Supply Bulletin SB 700-2. 1 September

1971.
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(1) Example 1.

Clear a 1-meter-wide path utilizing a mine detector such as the
AN/PRS-7 and demolition charges such as the M5AL, M112, or M118. A breach party
of 8 men is postulated (Table I).21

Table II. Breach Party Composition (Example 1)

Detector Operator
Mine Marker/Tape Layer 1
NCO 1
Demolition Men 2
Relief Detector Operator 1
Radio Operator I
Reserve (OIC) 1i 8

The time to accomplish detection is next computed for a range of
detection speeds selected to more or less bracket the real-world range of potential field
conditions (Table III).

Table Ill. Detection Speed, Traverse Time, and Labor (Example 1)

Detection Speed Time to Traverse Barrier Detection Labor
(Meters/Second) (Seconds) (Hours) (Manhours)

0.01 40100 11.14 11.14x8 = 89.1
0.05 8020 2.23 2.23x8 = 17.8
0.10 4010 1.11 1.11x8= 8.88
0.20 201.7 0.56 0.56x8 = 4.48
1.00 40" 0.11 0.11x8= 0.88

The time to accomplish destruction of the mines encountered by
detonation in place is also computed for a range of conditions (Table IV).

21"Landmine Warfare," FM 20-32, August 1966.
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Table IV. Charge Placement Time, Traverse TFime, and Labor (Example 1)

Breach Party
Charge Placement Speed Time to Traverse Barrier Breach Labor

(Meters/Seconid) (Hours) (Manhours)

0.133 (5 min each) 401/0.133 = 0.838 0.838x8 = 6.70
3600

0.0666 (10 min each) 401/0.0666 = 1.67 IWO7x = 13.4
3600

0.0333 (20 min each) =0/ 3 .3 5 3.35x8 = 26.8
3600

0.0222 (30 min each) 600.0 = 5.02 5.02x8 = 40.2

Then, assuming that breaching time will be dominated by the slow-
est operation, the relationships of detection speed, charge placement speed, and total
breaching time and labor are illustrated in Figs. 10 and I1I. Note that the AN/PRS-7
mine detector technical manual reicornnends a detector head sweep rate corresponding
to a detection speed of 0.05 meter/second for a path I -meter -,id. 2  This point is lo-
catcd on Figs. 10 and I I for reference. For additionrd compvarison, FM 5.3423 and
FM I 01_10_1l24 provide an average detection labor valuc_ ofT2? tob 33 manhours per 100
meters of advance for a lanec 8 mct-,rs wide assuming ; io.dtur man and I relief man:

t= 4C'
27 - .. OO. 6.75 hours
100 8

and

33 400
330 8 100 -8.25 hours

These points are also located on Fig. 10 to provide perspective foi
the other calculated values.
22,.Operators. Organizational and Direct Support. Ma2intenancehManual," Detecting Set, Mine. Portable, Metallic

and Nonmetallic (Litton Systems MDL AN/PRS.7).
23"Enginer Field Data," FM 5-34, lDecember 1969.
24 'Staff Officers' Field Manual Organization, Technical, and Logistical Data Uinclassified Data," FIM 101-10-1,

January 1966.
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CHESTCHEST, ~. ~ FLASHLIGHTS
MARKERS ~ I.AND BATTERIES

AND SIGNS _

MARKERS
AND TAPE

ADAPTER, BLACKOUT, FLASHLIGHT ADAPTER, FLASHLIGHT

... .... .....

.I~ .. ...... ..........
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Fig. 12. Minefield marking set.
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The breaching materiel cost range for Example I is estimated as follows:

Function Item Price Ea No. Subtotal Price

Clear vegetation Flame thrower $327-1347 1 $327 - 1347
Detect Mine Detector 350-1136 2 700 - 2272
Mark Mines and Lane Minefield Marking

Kit (Fig. 12) 465- 465 1 465- 465
Detonate mines Demo Set 197- 197 1 197- 197

Charge Demo 1- 1 20 20- 20
$1709 -4301

The basic data for these and subsequent cost estimations is present-

ed in Appendix A, Table A-I.

(2) Example 2.

Clear an 8-meter-wide path utilizing a mine detector such as the
AN/PRS-7 and demolition charges such as the M5A1, MI 12, or MI 18. In this example,
it is necessary to use the organization shown in Table ' 25

Table V. Breach Platoo i Composition (Example 2)

Personnel 0 NCO EM

Officer in charge 1 - -

Platoon Sergeant - 1 -

Breaching party I - 1 7
Breaching party 2 - 1 7
Breaching party 3 - 1 7
Support party - 1 7

Total 1 5 31 37

FM 20-32 also directs that such a breaching operation be conduct-
ed by parties similar to that shown in Table II but that each party must maintain a 100-
meter distance from other parties. It is postulated that three platoons will be used in

this example and that each platoon will stand at the barrier unt.l its assigned breaching

2"Landmine Warfare" FM 20-32, August 1966.
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paths are simultaneously detonated. The complete breaching organization is then as
shown in Table VI.

Table VI. Breach Organization (Example 2)

Platoon I Party i
Party 2
Party 3
Support Party

Platoon 2 Party 1

Party 2
I Party 3

Support Party
37

Platoon 3 Party 1

Party 2
Support Party

21

To develop and maintain 100-meter spacing between parties, Pla-
toons I and 2 will be at the barrier for a time that is equivalent to traversing 400+200=
600 meters. Platoon 3 will be at the bairier for a time that is equivalent to traversing
400+100=500 meters. The relationships between breach party speed, platoon time at
the barrier, and breaching time are shown in Table VII.

But, as discussed in Example 1, breaching in these particular cases
consists of two separate and distinct operations that are performed sequentially, i.e.,
detection and then detonation in place. This, in turn, leads to the complete breaching
operation being dominated by the rate at which the slowest operation is accomplished.
To determine the area of dominance, the above calculation of detection is repeated in
Table VIII for detonate-in-place time relationships.

24



Table VII. Relationship of ,..,ach Party Mine Detection Speed to
Pi'a~.: Time at the Barrier and Breach Time (Example 2)

Breach Party Speed Time at the Barrier (Hours) Breach Time
(Meters/Second) Platoon 1 Platoon 2 Platoon 3 (Hours)

0.01 600/0.01 = 16.7 16.7 500/0.01 = 13.9 47.3
3600 3600

0.05 600/0.05 = 3.34 3.34 500/0.05 = 2.78 9.5
3600 3600

0.10 600/0.10 = 1.67 1.67 500/0.10 = 1.39 4.7
3600 3600

0.20 600/0.20.- 0.834 0.834 500/0.20 = 0.691 2.4
3600 3600

!1.00 60011 = 0.167 0.167 50(0/1 = 0.139 0.473600 3600

Table VIII. Relationship of Breach Party Demolition Charge Placement and
Priming Speed to Platoon Time at the Barrier and Breach Time (Example 2)(a)

Breach Party Speed Time at the Barrier (Hours) Breach Time
(Meters/Second) Platoon 1 Platoon 2 Platoon 3 (Hours)

600/0.133 .25 11 04 3.540. 133( b)  60/- 3= 1.5 1.25 53.054 = 10

3600 3600

0.0666(c) 600/0.0666 = 2.50 2.50 500/0.0666 = 2.09 7.09
3600 3600

0.0333(d) 600/0.0333 = 5.01 5.01 500/0.0333 = 4.17 14.2
3600 3600

0.0222(e) 600/0.0222 = 7.51 7.51 500/0.0222 = 6.26 21.3
3600 3600

(a) From Table 1, 10 mine cdusters/400M=4OWduster.
(b) At 5 minutes per cluster, raie=40/300=0. 1 33M/Sec.
(c) At 10 minutes per cluster, rate=40/600=0.0666M/Sec.
(d) At 20 minutes per cluster, rate=40/1200=0.0333MISec.
(e) At 30 minutes per duster, rate=40/1800=0.222M/Sec.

25



The calculation shown in Table IX is then made to determine brea,'h
party speed vs breach labor relationships.

Table IX. Relationship of Breach Party Speed to Breach Labor (Example 2)

Breach Party Speed Labor to Bieach (Manhours) OIC Total
(Meters/Second) Platoon 1 Platoon 2 Platoon 3

0.01 37x16.7=618 618 21x13.9=292 47 157;

0.05 37x3.34=123 123 21x2.78=58 9.5 315

0.10 37xl.67=61.8 61.8 21xl.39-29 4.7 158

0.20 37x0.834=30.9 30.9 21x0.691=15 2-- 79

1.00 37x0.167=6.18 6.18 21x0.0139=2.9 0.47 15

Table X presents limits imposed by the demolition charge placement
and priming time requirements.

Table X. Relationship of Breach Party Demolition Charge Placement
and Priming Time to Breach Labor (Example 2)

Breach Party Speed Labor to 3reach (Manhours) OIC Total
(Meters/Second) Platoon 1 Platoon 2 Platoon 3

0.133 37xi.25=46.3 46.3 21xl.04=21.8 3.54 118

0.0222 37x7.51=278 278 21x6.26=131 21.3 708,

The relationships calculated for this example are shown in Figs. i 3 and 14.

To complete Example 2, materiel cost range is estimated as follows:

Function Item Price Ea No. SAbtotal Price

Clear Vegetation Flame Thrower $327-1347 8 $2616- 10,776
Detect Mine Thrower 350-1136 i6 5600- ;8176
Mark Mines & Lanes Minefield Marking Kit 465-465 16 7,40-7440
Detonate Mines Demo Set 197-197 8 1576-1576

Charge Demo 1- 1 160 160- 160

$17392-38128
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(3) Example 3.

Clear a 1-meter-wide path by manual probing and destruction in
place of mines using demolition charges such as the M5AI, M172, or MI18.

Basic data for this example are derived from FM 5-34, p. 87,26
which gives the relationships shown in Table XI.

Table XI. Probing and Removal Standard Data (Example 3)

a Location by Probing 16-22 MH/100M (1-Meter Path)

b Removal by Explosives 220-247 MH/100M (8-Meter Path)

From the context of FM 5-34, it is reasonable to assume that item
a in Table XI refers to one man for 16 to 22 hours. Assume also, then, the use of an
8-man part)', location by probing for 400 meters requires from 4 x 16 = 64 hours to
4 x 22 = 88 hours. Probing labor would range from 8 x 64 = 512 manhours to 8 x 88=
704 manhours.

Applying the same general interpretation of the Table XI data, the
time for removal by explosives from a 400-meter path, I-meter-wide, ranges from
72 x 4 = I110 hours to L27 x 4 = 124 hours. Corresponding labor is I110 x 8 = 880

manhours to 124 x 8 = 992 manhours.

As in the case of Examples 1 and 2, breaching time is dominated
by charge placement and priming time.

The breaching materiel cost range for Example 3 is estimated as
follows:

Function Item Price Ea No. Subtotal Price

Clear Vegetation Flame Thrower $327-1347 1 $327-1347
Mark Mines & Lanes Minefield Marking Kit 465-465 1 465-465
Detonate Mines Demo Set 197-197 1 197-197

Charge Demo 1-- 1 20 20- 20

$1009-2029

26"Engineer Field Data," FM 5.34, December 1969.
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(4) Example 4.

Clear an 8-meter-wide vehicular path by manual probing and re-
moval of mines by detonation in place using demolition charges such as the M5A1,
M 112, or M 118. This example is similar to Example 3 which was for a 1-meter path
through the barrier. Referring to the data presented in Table XI, breaching is dominated
b) 'emolition charge placement and priming time and ranges from 110 to 124 hours per
l-meter lane. In this example, however, 8 breaching parties are required, and each party
must maintain a spacing of 100 meters from the next party.

By using the breaching platoon listed in Table V, the breaching or-
ganization listed in Table VI, and an abbreviated calculation similar to that used in Ex-
ample 2, the information shown in Tables XII and XIII emerges.

Table XII. Relationship of Breach Party Speed, Time at the Barrier,
and Breach Time (Example 4)

Breach Party Speed Time at Barrier (Hours) Breach Time
(Meters/Second) Platoon 1 Platoon 2 Platoon 3 (flours)

401 = 0.0010 600/0.00 _ 166 166 500/0.001 - 139 471
110x3600 3600 36W0

, 401 =0.00089 600/0.00089- 187 187 500/ 00089 - 156 530
124x3600 3600 3600

Table XIII. Relationship of Breach Party Speed, Time at the Barrier.
and Breach Labor (Example 4)

Breach Party Speed Labor to Breach (Manhours)
(Meters/Second) Platoon 1 Platoon 2 Platoon 3 OIC Total

0.0010 37x66=6142 6142 21x139=2919 471 15700

0.00089 37x187=6919 6919 21x156=3276 530 17600

The breaching materiel cost range for Example 4 is estimated as
follows:

30



Function Item Price Ea 1 No. Subtotal

Clear Vegetation Flame Thrower $327-1347 8 $2616-10776
Mark Mines & Lanes Minefield Marking Kit 465-465 8 '1 720-3720
Detonate Mines Demo Set 197-197 8 1576-1576

Charge Demo 1- 1 160 i60-160

$8072-16232

(5) Example 5.

tClear a 1-meter-wide path by means of blind neutralization utilizing

the bangalore torpedo M1A1/MIA2 without previous detection and follow by detection
to locate and then destroy in place unexploded mines in the breach path.

The bangalore torpedo (Fig. 15) consists of 10 sections, each 5 feet
long, for a total length of approximately 15 meters. According to FM 20-32, p. 87,2'
from 3.5 to 4.5 manhours per 100 meters are required for this device to clear a 1-meter
path. This would include assembly, transportation into the barrier, priming, and firing
time. Assume first that an 8-man party conducts this operation and that the time for a
400-meter breach path is 4 x 3.5 to 4.5 = 14 to 18 hours and breach labor = 8 x 14 to
8 x 18 = 112 to 144 manhours.

Assume next that a detector sweep is perforwed at the standard
rate of 0.05 meter/sec for the AN/PRS-7 detector, breach time is increased by
400/0.05 - 2.22 hours and breach labor by 2.22 x 8 = 17.8 manhours.

3600

Then, assuming that 50% of the original mines are detected after
the bangalore torpedo action, 0.5 x 10 = 5 mines remain to be destroyed in place. Using
the midpoint of 15 minutes to place and prime each demolition charge, that time is

5 x 15 = 1.25 hours and labor is 1.25x8 = 10 manhours. Since thic is less than the detect
60

time, detect time will dominate.

2 7 "Landmine Warfare." FM 20-32, August 196*.
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Fig. 15. MIA I bangalore torpedo.

Summarizing:

Breach Time (Hours) Breach Time 'Manhours)
Low High Low High

Bangalore Torpedo 14 18 112 144

Detetion and
Detonate in Place 2.22 2.22 17.8 17.8

16.2 20.2 130 162

The breaching materiel cost range for Example 5 is estimated as
follows:

Function Item Unit Pricc No. Subtotal Price

Blind Detonate Bangalore Torpedo $106-106 27 2862-2862

Detect Detector 350-1136 2 700-2272

Mark Mines & Path Minefield Marking Kit 465-465 1 465-465

Detonate Mines Demoset 197-197 1 197-197

Charge Demo 1-1 20 20-20

$4244-5816
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TWO IMPACT FUZE SECTION
LOADING ASSEMBLIES

Fig. 16. M-157 projected demolition charge kit.

(6) Example 6.

Clear a 6-meter-wide vehicle path by means of blind neutralization
utilizing the demolition kit projected charge M 157F (Snake) (Fig. 16). This kit weighs
11,000 pounds and consists of 79 sections that must be assembled at the barrier. By
detonation, the device clears a lane approximately 100 meters long by 6 meters wide by
1,6 meters deep. A tank is required to push the snake into place and then it is detonated
by bullet impact fuzing (FM 17-36, p. 2128). Approximately 8 manhours are reauired
for assembly and 8 manhours, to clear a 100-meter lane (FM 20-32, p. 8729).

Assume first that the breaching organization is the platoon of Table
V plus a tank and its crew of 4 men. A total of 4 snakes is rtquired, and the snakes are
assembled concurrently in 1 hour:

Assembly time = 1 hour
Assembly labor = 1 (37+4) = 41 manhours.

28"'Divisional Armored and Air Cavalry Units." FM 17-36, November 1968.

29"Landmine Warfare," FM 20-32, August 1966.
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Assume next that 0.5 hour is required to position and detonate
each snake-

Time = 4 x 0.5 = 2 hours
Labor = 2 (37 + 4) = 82 manhours.

For the completed breaching mission:

Breaching time = 1 + 2 = 3 hours
Breaching Labor = 41 + 82 = 123 manhours.

The breaching materiel cost range for Example 6 is estimated as
follows:

Function Item Unit Price No. Subtotal Price

Position Snake M60 Tank $147475-217680 1 $147475-217680

Detonate Mines M157 Snake 10786- 10786 4 43144- 43144

Mark Path Minefield 465- 465 1 465- 465
Marking Kit

$191084-261289

(7) Example 7.

Clear a 6-meter-wide vehicle path by means of blind neutralization
utilizing the demolition kit projected charge M173 (Fig. 17). This kit requires a vehicle
to tow the sled-like kit up to the minefield where a rocket then pulls a line charge out
to approximately 90 meters to clear a lane 90 meters long by 6 meters wide.

ELECTRICAL CONNECTOR EU

EYE-OLTS ------ -

....CONNET GUARD
ORD D3$1A

Fig. 17a. Projected cha-ge demolition kit M173.
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Assume first that the 1reaching organization consists of 8 men as
per Table 11 plus a tank and its crew A 4, and that 5 kits are required and preFared
concurrently i.a 1.0 hour:

Preparation time = 1.0 hour
Prepa, ation labor = 1 (8 + 4) = 12 manhours.

Assume next that each kit requires 0.25 hour to position and fire:

Position and fire time = 5 x 0.25 = 1.25 hours
Position and fire labor = 1.25 (8 + 4) ='15 manhous.

Then, for the completed breaching mission:

Breaching time = 1 + 1.25 = 2.25 hours
Breaching labor = 12 + 15 = 27 manhours.

The breaching materiel cost range for Example 7 is estimated as
follows:

Function Item Unit Price No. Subtotal

Position Demo Kit M-60 Tank $147475-217680 1 $147475-217680

Detonate Mines M173 Demo Kit 8137- 8137 5 t0675- 40675
Mark Path Minefield 465- 465 1 465- 465

Marking Kit $188615-258820

(8) Example 8.

Clear an 8-meter-wide path by means of blind neutralization utiliz-
ing the bangalore torpedo M1A1/M 1A2 without previous detection and follow by de-
tecton to locate and then destroy unexploded mines in the breaching path.

This operation and the supporting assumptions arc similar to Ex-
ample 5 which was for a 1-meter path. For 8 meters, however, it is necessary to use the
organization of Table V and Table VI and to develop and maintain a spacing of 100 me-
ters between breaching parties. The calculations shown in Tables XIV and XV are then
made by the method used in Example 2.
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Table XIV. Relationship of Breach Party Bangalore Speed to Time at
the Barrier, and Breach Time (Example 8)

Breach Party Speed Time at the Barrier (Hours) Bangalore Time
(Meters/Sec) Platoon 1 Platoon 2 Platoon 3 (Hours)

400/18x3600=0.006 600/.006 = 27.8 27.8 500/.006 = 23.1 78.7
3600 3600

400/14x3600=0.008 600/.008 = 20.8 20.8 500/.008 = 17.4 59.0
3600 3600

Table XV. Relationship of Bangalore Time to Breach Labor (Example 8)

Breach Party Speed Labor to Breach (Manhours) -

(Meters/Sec) Platoon 1 Platoon 2 Platoon 3 OIC Total

0.006 37x27.8=1030 1030 37x23.1=855 78.7 2990

0.008 37x20.8= 770 770 37x17.4=644 59.0 2240

Assume that the subsequent detect tirr.: and the detect labor range
from 3.54 to 21.3 hours and 118 to 708 manhours as per Tables VIII and IX. Finally,
assume that the demolition charge placement time and the demolition labor also range
from 3.54 to 21.3 hours. The following totals are thus obtained:

Time Labor

Bangalore Torpedo Operations 59.0 - 78.7 hours 2290 - 2290 manhours

Detection and
Charge Placement Operations 1.75 - 23.7 53 354

60.8 102.4 2349 2644

The breaching materiel cost range for Example 8 is estimated as
follows:

3
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Function Item Unit Price No. Subtotal Price

Blind Detonate Bangalore Torpedo $106-106 216 $22896-22896

Detect Detector 350-1136 16 5600-18176

Mark Mines & Paths Minefield Marking Kit 465-465 8 3720- 3720

Detonate Mines Demo Set 197-197 1 197- 197

Charge Demo 1- 1 160 160- 160

$32573-45149

(9) Summary.

The relationships between breach time, breach labor, and breach
materiel cost just calculated for 8 examples are presented in Figs. 18 and 19. A cor.-
parison of these penalties associated with breaching is presented in Table XVI.

Table XVI. Summary of Time, Labor, and Materiel Cost Ranges Directly Associated
with Dismounted Breaching Operations Against a Barrier Minefield

lime Labor Materiel
Example Path Method (Hours) (Manhours) (Dollars)

(meters) Low High Low High Low High

3 1 Manual Probe and Detonate 110 124 880 992 1009 2029

1 1 Detector and Detonate 0.84 5.02 6.7 40.2 1709 4301

5 1 Bangalore+Detector+Detonate 16.2 20.2 130 162 4244 5816

4 8 Manual Probe and Detonate 471 530 15,700 17,600 8072 16,232

2 8 Detector and Detonate 3.54 47.3 118 1,575 17,392 38,128

6 6 Blind Detonate wlM157 (Snake) 3 - 123 - 191,000 261,000

7 6 Blind Detonate w/M173 (Rod*t) 2.25 - 27 - 188,615 258,820

8 8 Bangalore+Detector+Detonate 60.8 102 12349 2,644 32,600 45,200

To complete this brief analysis of dismounted breaching opeations
agai:ast a barrier minefield, time, labor, and materiel cost ratios bave been calculated to
illuitratc the relative advantages to Blue or Red forces (Table XVII). These ratios must
bl interpreted with caution for only when the value system of Blue and Red is clearly
estabished will the ratios have a tactical interpretation.
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Table XVII. Comparison of Breaching Cost to Barrier Cost Ratio
for a Range cf Breaching Methods

Time Cost Labor Cost Materiel Cost
(Hr) .(MH) ($)

I Detector (IM) 0.016-0.125 0.007-0.04 0.012-0.064
2 Detector (8M) 0.067-1.18 0.12-1.66 0.12-0.56
3 Probe (IM) 2.07--3.10 C.93--I.G0 0.007-0.03
4 Probe (8M) 8.89-13.2 16.5-18.5 0.056-0.24
5 Bangalore (0M) 0.31-0.51 0.14-6.1] 7  0.029-0.086
6 M157 Snake (6M) 0.051-0.075 0.13 A.34-3.86
7 M 173 Rocket (8M) 0.042-0.056 0.028 1.32-3.83
8 Bangalore (8M) 1.15-2.55 2.5-2.8 0.22-0.67

Barrier 40 - 53 950 67,600- 143,000

Note: These data are plotted against breaching time in Figs. 20, 21, and 22.
See Table XXXIV for Cost Data Base.

(10) Discussion of Dismounted Breaching Operatiins.

To recapitulate briefly, this part of the study (Section 6a) has ad-
dressed the problem of determining gross time, labor, and materiel cost.; associated
with breaching a defined barrier minefield with dismounted troops. These breaching
operations have been conducted using a simple, uncomplicated scenario with current
doctrine and using only type-classified materiel formally in the inventory as of ' Sep-
tember 1971. No attempt has been made to utilize all of the materiel that might be
suitable or to consider field expedients that might be highly effective. The selection
of mate'riel and methods has been arbitrary. but the selection has been made with the
objective of bracketing a large body of complex operations. Thus, it hab been possible
to make some helpful general observations about countei mine warfare and its associat-
ed costs.

For example, Fig. 10 presents a log-log plot of brench party ad-
vance rate in meters per second against breach time in hours for a 1-meter path through
the defined barrier minefield. This operation is conducted by a prescribed 8-man breach-
ing party using an AN/PRS-7 mine detecter and destructior,-in-place of mines by use of
small demolition charges. Also positioned on the figure are a range of times assumed
necessary for the placement and priming of demolition charges and the recommended
AN/PRS-7 sweep rate. This figure iliustrates the fact that the time required to breach
the barrier is highly sensitive to the rate of the slowest operation. In this particular
case, the detector can complete its mission in about 2.2 hours; but, when 30 minutes
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is required for placement and priming of each demolition charge, the complete breach
mission will require 5 hours.

In Fig. 11, breach time in hours is plotted against breach labor in
manhours for the same range of breach party advance rates. The impact of charge
placement and priming time upon total breaching tabor is again illustrated.

For Fig. 13, a log-log plot of breach party advance rate in meters
per hour against the time in hours requii ed to breach is presented for an 8-meter path
through the minefield. In this case, 8 breaching parties arc utilized and a spacing of
100 meters is main.ained between each party. Breach time using the AN/PRS-7 de-
tector aIvance rate has now gone up to 10 hours. The increase in breach labor is illus-
trated in Fig. 14.

Breaching time and breaching labor relationships are summarized
in Fig. 18 for a range of breaching materiels and breaching methods. On initial inspec-
tion, it is somewhat surprising that the log-log relationship for both the I-meter lane
and the 8-meter lave breach times are not only linear with breach labor but also parallel
to each other This is of particular interest when the wide diversity of breaching mate-
riel and nethods is considered. On inspection, however, it is evident that the 1-meter
path has an intercept value of about 8 manhours at 1 hour. This relationship originates
with the 8-man breaching party that has the 1-lane missions. Correspondingly, for the
C.-lane breach mission. the 1-hour intercept has a value of approximately 37 manhours;
and this originates from the 37-man breaching platoon used in the calculations.

A significant exception to these general relationships occurs when
the M 173 demolition kit projected charge (rocket) is e.mployed. Here, the small amount
of preparation and charge placement time provides dispr'oportionately large savings in
i reach time and breach labor.

Figures 20, 21, and 22 presei. log-log plots of breaching time
against the ratio of breaching cost to barrier cost. In Fig. 20, time cost in hours is con-
sidered. As expected, the projected charges, M157 and M175, are highly effective on a
time-cost ratio basis. It is intuitively obvious that casualties and casualty rate will in-
crease in a non-linear fashion with respect to breaching operations time and breaching
operations labor. The exact relationship would be highly dependent upon a large r.um-
her of details covered by c specific breaching scenario. Generalizations relative to casual-
ties must therefore be treated carefully and in a specific tactical mission context. Gen-
eralreatif.ns relative to ,:asuialties are nevertheless useful in comparing systems. For ex-
ample, it ip stated that casualties to covering fire double when a force is delayed 5 minutes

45



and are multiplied by a factor of 12 for a i-hour delay." ° The use of time as one mea-
sure of countermine system effectiveness is thus supported.

Time ratio, i.e., time to breach/time to emplace barrier is, however,
another matter entirely because the tactical outcome of a given encounter will be deter-
mined by a complex interaction of Blue to Red resources ratio. About the best general-
ization here is that low ratios of time, labor, materiel, and casualties favor Blue. Figure
22, for example, presents breach time against the ratio of breach materiel cost to barrier
materiel cost. The projected charges, M 157 and M175, in this instance are not materiel
cost effective to the breach force; but, with their associated short exposure time of per-
sornel, casualties would be low (see Appendix A).

In addition to the costs of time, labor, materiel dollars, and casual-
ties associated with minefield breaching operations, there is also a cost of energy ex-
pended which arises from the use of explosives and motor fuels. This energy cost carries
with it a logistics burden because the energy source requires transportation and storage
system elements. Further, the minefield itself depends upon chemical energy for its
functions so that an examination of Blue countermine and Red mine energy relation-
ships may provide some additional insight and perspective.

Table XVIII presenis the energy content of three U. S. mines.

Table XVIII. Energy Content of Three U. S. Mines

Mine Type Charge Charge Wt (lb) Btu/lb Btu/mine

M15 AT Comp B 22 2050 45,100
M16 AP. Frag TNT 1.0 2100 2,100
M14 AP, Blast Tetryl 0.06 1800 108

Table XIX presents the energy content and energy density of three
U. S. minefields.

50"Family of S-att-rablc Mines," Phase II Report, Vol 1, 70826, ACN 17852, CDC Engiauring Agency, 1 Feb 72.
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Then, to examine the breaching energy requirements, Table XX
presents selected explosive components and their energy content.

Table XX. Energy Content of U. S. Countermine Mate~iel

Component Charge Wt (lb) Btu/Ib Btu

Charge Demo 1 2100 2,100
Bangalore MIAI/MIA2 9 2050 18,450
M157 (Snake) 3200 2050 6,560,000
M173 (Rocket) 1720 2050 3,526,000

These values are then used to calculate the breaching energy asso-
ciated with the examples of breaching described earlier in this section (Table XXI).

The data from Table XXI are then combined with data from Table
XVI, and the relationships of energy expended in breaching to breaching time for a 6-
to 8-meter vehicu!ar path are shown in Fig. 23. Also shown are the energy densities of
three minefields as calculated in Table XIX and the breach time of 9.5 hours which
corresponds to the recommended rate for the AN/PRS-7 mine detector.

Then, assuming that breaching labor in manhours at the minefield
site is of interest due to its probable direct relationship to potential breaching casualties,
the breach energy versus breach labor relationships is presented in Fig. 24. Again, as in
the previous figure, the breach labor for using the AN/MRS-7 detector at its recommend-
ed rate is shown for reference and orientation.

The last two figures appear to demonstrate that an exponential
relationship exists between breaching energy expended and both breach time and
breach labor. Although the relationship may be intuitively obvious, this exploratory
quantitative study of energy in mine-countermine systems begin- to come to grips with
some of the more fundamental aspects of mine warfare. For example, a rough extrapo-
lation on Fig. 22 concludes that a 400-meter minefield of 14-8 density may be breached
with existing technology in 1 hour if 90,000 Btu/meter 2 can be delivered to the breach
path. Then, extrapolating from Fig. 24. breach labor can approach 10 manhours or less
by the same 90,000 Btu/meter 2 of applied energy. This 90,000 Btu is equivalent to
roughly 90,000/2000=45 pounds of detonating explosive or 90,000/18,000=5 pounds
of a hydr.arbon fuel utilizing atmospheric oxygen for its combustion. Thus, with the
above guidelines, a 400- x 8-meter breach path can be accomplished with 400 x 8 x 45 =

144 .000 pounds of detonating explosive or 400 x 8 x 5 = 16,000 pounds of hydrocarbon
fuel.
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Because this report is directed to the preparation of a system de-
scription for use as a standard of comparison with alternative conceptual approaches, it
is not appropriate to go further into the matter of conceptual mine-countermine energy
relationships at this time. The reugh interpretative calculations presented in the preced-
ing paragraph are intended only to demonstrate the potential utility of energy source,
energy density, energy rate, and energy logistics considerations and analysis.

(11) Integrated Logistics Support (ILS)

Only that part of ILS dealing with weight and volume of equipment
is considered in this phase of the study in order to compare, in a general way, the degree
of logistical burden imposed by various countermine breaching techniques. There has
been no attempt made, at this point, to apportion or determine use factors for use items
as tanks (required to position "snakes," for example). All required equipment must be
shipped from Conus to the theater of operations as well as transported or moved to the
minefield site. Tables B-V and B-VI in Appendix B list the dimensions and weights of
countermine equipment and armored vehicles discussed. Most of the dimensions,
weights, and cubes for those tables were taken from TB 55-46-2.3" Those figures in
parentheses in Table B-V were gathered from applicable technical manuals.

The total weights and total volumes of 'ecessary equipment for
each of the eight examples described in Section 6a are shown in Tables XXII, XXIII,
and XXIV. Where possible, a range of weights and volumes is given. These data are
plotted in Figs. 25 and 26 against breach time.

Depending on the equipment required, the total weight of the ne-
cessary items, in the eight examples discussed, can range from a low of slightly less than
1.000 pounds to a high of nearly 142,000 pounds. Even in the cases which do not re-
quire the use of a tank to position equipmeni, the total weight (Example 8) may be as
high ats 23 tons with a volume requirement of over 1,000 cu ft.

3 1 "Standard Charactristics(Dimensions. %eight, and Cube) for Tratoportsbility of Military Vehicies and Equip-
ment," 71 15546-.:', Department of the Army, June 1971.
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Table XXII. Logistics: Weight and Volume of Breaching Materiel
(Examples I and 2)

Example I
Lb Cu Ft

Equipment No. Total Wt Total Vol

Flamethrower 1 87 8.8

Mine Detector 2 42-66 3-4-4.0

Minefield Mk. Kit 1 854 26.3

Demo Set 1 6-42 0.3- 5.

Charge Demo 20 20-25 0.2

Total 1009-1074 39.0-44.4

Example 2

Flamethrower 8 696 70.4

Mine Detector 16 336-528 27.2-32.0

Minefield Mk. Kit 16 13664 420.8

Demo Set 8 48-336 2.4-40.8

Charge Demo 160 160-200 1.6

Total 14904-!5424 522.4-565.6

53



- --

Table XXIII. Logistics: Weight and Volume of Breaching Materiel
(Examples 3, 4, and 5)

Example 3
Lb Cu Ft

Equipment No. Total Wt Total Vol

Flamethrower 1 87 8.8

Minefield Mk. Kit 1 854 26.3

Demo Set 1 6-42 0.3-5.1

Charge Demo 20 20-25 0.2

Total 967-1,008 35.6-40.4

Exaraple 4

Flamethrower 8 696 70.4

Minefield Mk. Kit 8 6,832 210.4

Demo Set 8 48-336 2.4-40.8

Charge Denmo 160 160-200 1.6

Total 7,736-8,064 284.8-323.2

Example 5

Bangalore Torpedo 27 4,752 94.5

Detector 2 42-66 3.4-4.0

Minefield Mk. Kit 1 854 26.3

Demo Set 1 6-42 0.3-5.1

Charge Demo 20 20-25 0.2

Total 5,674-5,739 124.7-130.1
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Table XXIV. Logistics: Weight and Volume of Breaching Materiel
(Examples 6, 7, and 8)

Example 6
Lb Cu Ft

Equipment No. Total Wt Total Vol

M60 Tank 1 93,000-97,000 3,330.7-3,472.1

M 157 Snake 4 44,000 933.2

Minefield Mik. Kit 1 854 26.3

Total 137,854-141,854 4,290.2-4,431.6

Example 7

M60 Tank 93,000-97,000 3,330.7-3,472.1

M173 Demo Kit 5 15,500 569.0

Minefield Mk. Kit 1 854 26.3

Total 109,354-113,354 3,926.( -4,067.4

Example 8

Bangalore Torpedo 216 38,016 756.0

Mine Detector 16 336-528 27.2-32.0

Minefield Mk. Kit 8 6,832 210.4

Demo Set 1 6-42 0.3-5.1

Charge Demo 160 160-200 1.6

Total 45,350-45,618 995.5-1,005.1
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b. Armored Vehicle Breaching Operations and Associated Time, Labor,
and Materiel Costs.

Armored breachings, for purposes of this study, are breaching techniques
in which no attempt has been made at route preparation before the vehicle enters the
minefield. These techniques, referred to as bulling, 32 are primarily oriented toward
situation- and tactical operations where time saving is essential and personnel exposure
is to be minimized. Two bulling techniques are evaluated. The first technique makes
no attempt to rec-)ver ;mmobilized vehicles but subsequent vehicles simply go around
and leave the vehicles in the winefield until the breaching operation is completed. The
second technique is aimed at minimizing losses during bulling by removing immobilized
vehicles from the safe path before proceeding. These techniques were evaluated by con-
ducting models of vehicles through the same model minefield used earlier in this study.

The model minefield used in this report, a 1-4-8 density deliberate-
barrier type, has been described earlier. Three types of armored vehicles were consid-
ered: the M60 full-tracked combat tank (2350-678-5773); 33 the M551 armored
reconnaissance/airborne assault vehicle, full-tracked (2350-873-5408); 34 a ;d the M 113
full-tracked armored personnel carrier (2320-629-1294). 31

Twelve straight-line paths of advance through the model ininefield were
randomly selected for each of the three vehicle types. Clear plastic scale models, with
marked track widths, were run through the minefields with the rigit side of the vehicle
parallel to and touching the path line. Whenever a vehicle tread contacted an anti-tank
mine location, a hit was recorded; and a scale-model vehicle outline was taped *:. place
and numbered. When the breach was considered without vehicle removal, the n.xt ve-
hicle followed in the tracks of the previous one until it was one vehicle length behind
the hit vehicle. A turn to the right or left was determined by a random change device,
and the active vehicle was run alongside the immobilized vehicle and turned back to the
original path. If the second vehicle also struck a mine in the same strip, the same pro-
cedure was again followed including the use of the random device to determine right or
left (Figs. 27, 28, 29, and 30).

:2W. G. Comeyne, "Anthtan), Effectiveness of the U. S. Army Standard Minefield Ppttcm," USAMERDC Report
1979. Aprd 1970.

3 3 'Tank. Combat. Full Tracked: 105-MM Gun. 160 w/c(2350-678-5773)," TM 9-2350-215-10, Department of

the Arm%. February 1965.

-,Armored fleconnatssance/Airborne Assault Vehicle," Department of the Arm), February 1965.

.3"Carrter. t'rronnel. Full Traoka-d: Armored, M1 13 (2320-629 1294)," TM 9-2300-224-10, Department of the
Arm%. \o. embrr 1961.
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Another major consideration was the difference in vehicle losses that
might occur if each immobilized vehicle was removed from the path beforc the next
vehicle passed that spot. The same vehicles and paths were used, but it was not rieces-
sary to go around immobilized vehicles; and the mine that hit a vehicle was, of course,
considered neutralized. In both this case and the previous one, all anti-tank mines were
assumed 100% effective, i.e., no duds, etc. It was also assumed that no vehicle damage
would be incurred from anti-personnel mines.

The same range of vehicle speeds traversing the minefield was uscd
for all three types of vehicles. The slowest speed was 5 miles per hour and the fastest,
25 miles per hour. Where vehicle removal was a consideration, a range of hook-up times
was employed. The fast time was 5 minutes and the slow time, 30 minutes. In both
cases, the vehicle was pulled out of the field at 5 miles per hour. In Order to insure a
wide range of time, the slow hook-up time was used with slow traverse and the fast
hook-up, with the fast traverse.

Figures 27, 28, 29, and 30 show the paths of advance and tht ?ocation
of immobilized M60, M551, and M1 13 vehicles. Corresponding losses are shown in
Tables XXV, XXVI, and XXVII.

All three types of vehicles studied suffered fewer lesses with vchile
removal than without vehicle removal. The .A60 showed the greatest vehicle savings.
The average traverse time of the minefield rose approximately one order of ragnitude
for all three types of vehicles when vehicle removal was used. The human casualty rate,
because of increased time in the minefield and because of exposure during vehicle hook-
up, would undoubtedly go up with removal.

At this time, insufficient data exist to show the exact reiationship of
track width and track separation to hits taken in traversing a minefield. The present
gross model is not sufficiently sensitive to allow a parametric study of the relatienship
between track geometry and hit probability. In later parts of this study, an effort will
be made to construct computer models of minefields, mobility vehicles, and the inter-
action of the vehicles with the minefields. Parametric studies 'fA the vulnerability of
both the vehicles and the minefields will be made.

Figure 31 shows traverse time vs vehicle speed for all three types of ve-
hicles with and without vehicle removal. Since only two points were available for each
curve, the straight-line (Log-Log) representatives of tle iclationships may or may not
be valid. The same observation also applies to ,-ig. 32 which shows a vehicle-removal
relationship. This figure indicates by the rather drastic difference in slope of the M60
curve and the other two curves that. vehicle removal may be of considerably greater
interest for the I100.
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FM-17-36 shows that the cost of an M60 tank ranges from $147,475 to
$217,680, an '.1 i 3 ranges from $27.158 to $30,566, and an M551 is $214,670.36

Table XXV [Il indicates that, for the example traverses, the vehicle costs per breach can
% ary from S0 to $4,57 1,280. The average costs per breach can range from $51,952 to
$2,044,874. Comparing vehicle removal with no removal, on an average, the MI 113
shows a 22% cost reduction, the N1551 shows 33%, and the M60 shows 69%. It mus,
be borne in mind, however, that these vehicle cost reductions do not tkc. human casual-
ties or mission delay time into account.

Under combat condi;i.is, it may be necessary to sacrifice armored ve-
hicles in order to satisfy other mere pressing demands such as surprise, suppression of
covering fires, or other constraints demanding a minimum time loss in traversing a bar-
rier minefield. If such a case exists. the bulling technique offers the fastest possible
breaching technique using equipment presently in the inventory. Bulling with immobil-
ized vehicle removal offers a breaching technique which is a compromise between vehi-
cle damage and breaching speed.

The armored traversing also involves a logistics burden for the vehicles
immobilized by the mineficld. Average values of vehicle losses shown in Tables XXV,
XXVI, and XXVII have the total weights and volumes shown in Table XXIX. On the
average, the vehicle weights can range from a low of about 18 tons to a high of about
543 tons and the volumes from about 1,700 cu ft to 39,000 cu ft. Mthough armored
penetrations are much faster tha dismounted breachings, the logistics problems are
magnified many times.

Table XXIX. Armored Vehicles: Weights and Volumes

Without Vehicle Removal
Vehicle Average Total Weight Total Volume

Type Losses (Lb) (Cu Ft)

NI 113 2.3 45,436-46,288 2,204.8-2,451.0
N1551 2.7 80,892 4,177.2-4,813.0
N160 11.2 1,041,600-1.086,400 37,303.8-38,887.5

With Vehicle Removal

Ml 13 1.8 35,559-36,225 1.725.5-2,074.7
N1551 1.8 53.928 2.784.8-3,208.7
N160 3.5 :325.500-339,500 I 1,657.4-12,1 52.4

36..)iisimnal \inored a:id Air Cavallr Unit,, FM 17-36, November 1968.
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c. Combined Dismounted!Armored Vehicle Breaching Operations and As-
sociated rime, Labor, and Materiel Costs.

The dismounted breaching tactics outlined in Paragraph 6a are, as a
group, much more time consuming than the armored breaching techniques discussed in
Paragraph 6b. On the othter hand, the armored breaching techniques lead to a high pen-
alty in immohilized vehicles. In this paragraph, two combinations of these two breach-
ing techniques are e% aluat .d.

When a suspected minefield must be breached and its nature and extent
are unknown, time can be saved if armored breaching tactics are used until the lead ve-
hicle is immobilized. After the lead vehicle is immobilized, two procedures are consid-
ered. The first procedure employed dismounted breaching tactics from the point at
which the lead vehicle was imrobilized to a point 100 meters beyond the last mine
encountered.

The second procedure emp!oyed dismounted breaching tactics only
from 20 meters behind an immobilized vehicle to a point 20 meters in front of the im-
mobilized vehicle. After this path around the vehicie was cleared, armored breaching
tactics were used until the new lead vchicle was immobilized. This process was repeat-
ed until the minefield was breached.

Models of the M60, M551, and M i 13 armored veuicles were conducted
through the minefield model. The sam," paths whih were used for evaluation of the
armored breaching techniques were used for evaluation of the combination techniques.
The paths taken through the mineficld are shown in Figs. 27 lo 30. The results of
breaching these minefiecid. are shown in Tables XXX thrtugh XXXIII.

There is a finite possibility, as can be s,-cn in Tables XXX through
XXXIII, that an armored vehicle can pass through e ba, ier mincficd without being
immobilized by a mine. Therefore, either of the combination breaching techniques
could breach the minefield as fast as an armored breaching technique. If. howeve,. anti-
vehicular mines are encountered, more time is needed for either of the combination
breaching techniques than for the armored breach; but both combination breaches are
faster than a dismounted '.,reach. Converscy. the combination breaches will mean more
vehicle immobilization than the dismounted breach but less vehicle immobilization han
the armored techniques.

The time, labor, and materiel costs shown in Table XXXIII were calcu-
lated using the vehicle data shown in Paragraph 61) and the dismounted data shown in
Paragraph 6a(4). Example 4.
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P able XXX. Time and Vehicle Costs of Breaching a Barrier Minefield with

M60A I Combat Tanks in Combination with Dismounted Mine-Clearing Teems

Length Swept by

Path Number of Dismounted Personnel Breach Time
Number Vehicles Immobilized in Meters in Hours

Long Short Long Short Long Short
Sweep Sweep Sweep Sweep

3-I 1 2 390 80 9.2 1.9
3-11 2 460 80 10.9 1.9
3-IIl 1 3 470 120 11.1 2.8
3-IV 1 2 380 80 9.0 1.9
3-VI 1 2 340 80 8.1 1.9
3-X 1 2 290 80 6.9 1.9
3-XI1 1 2 390 120 9.2 2.8
4-I 1 2 320 80 7.6 1.9
4-I 1 4 410 160 9.7 3.8
4-IIl 1 2 280 80 6.6 1.9
4-I V 1 3 400 120 9.5 2.8
4-V 1 2 390 80 9.2 1.9

Average 1 2.4 377 93 8.9 2.2

72



Table XXXI. Time and Vehicle Costs of Breaching a Barrier Minefield with
M551 Vehicles in Combination with Dismounted Mine-Clearing Teams

Length Swept by
Number of Dismounted Personnel Breach Time

Path Vehicles Immobilized in Meters in Hours
Number Long Short Long Short Long Short

Sweep Sweep Sweep Sweep

1-I 0 0 0 0 .05 .05
!-II 0 0 0 0 .05 .05
1-l1 1 2 500 80 11.93 1.98
I-IV 1 1 270 40 6.45 1.00
1-V 1 3 420 2t 10.03 2.92
I-VI 1 2 380 80 9.00 1.97
I-VIT 1 1 240 40 5.69 1.00
I-VIII 1 2 280 80 6.63 1.96
1-IX 1 1 230 40 5.45 1.01
1-X 1 3 410 120 9.71 2.95
1-XI 1 3 390 120 9.23 2.95
I-XII 1 1 280 40 6.63 1.01

Average .83 1.58 283 60 6.74 1.57

73



Table XXXII. Time and Vehicle Costs of Breaching a Barrier Minefield with
M 113 Armored Personnel Carriers in Combination with Dismounted Mine-Clearing Teams

Length Swept by
Number of Dismounted Personnel Breach Time

Path Vehicles Immobilized in Meters in Hours
Long Short Long Short Long Short
Sweep Sweep Sweep Sweep

5-I 1 1 250 40 5.79 .97
5-I 1 2 320 80 7.39 1.89
5-111 1 3 380 120 8.76 2.80
5-4V 1 1 380 40 8.76 .97
5-V 0 0 0 0 0 0
5-VI 1 2 340 80 7.85 1.89
5-V!l 1 2 320 80 7.39 1.89
5-VIII 1 2 370 80 8.54 1.89
5-IX l 2 500 80 11.52 1.89
5-X 1 3 400 120 9.22 2.80
5-XI 1 2 320 80 7.39 1.89
5-XII 1 2 370 80 8.54 1.89

Average .92 1.83 329 70 7.60 1.66

Table XXXIII. Time, Labor, and Nateriel Costs of Breaching a Barrier Minefield
with Armored Vehicles Combined with Dismounted Mine-Clearing Teams

Vehicle Breach Time (ttr) Labor (Man Hr) Material (S)
Long Short Long Short Long Short
Sweep Sweep Sweep Sweep Sweep Sweep

N160 8.9 2.2 329.3 81.4 164867- 371332-
255808 560560

M551 6.74 1.57 249.4 58.1 195568- 356571-
216304 377307

M113 7.60 1.66 281.2 61.4 39933- 67104-
63498 94064
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d. Time, Labor, and Materiel Costs Associated with the Installation of a
Barrier Minefield.

The laying of deliberate, patterned defensi, e and barrier minefields fol-
lows the doctrine established by FM 20-32." In order to exercise present-day systems,
a deliberate barrier minefield has been constructed by carefully following this doctrine.
This model minefield has been used to determine relative minefield costs in terms of
dollars, time, and manhours. FM 20-3238 and FM 101-10-19 were used to establish
the materiel, time, and manhours required, and SB 700-240 supplied the materiel unit
costs.

The basic structure of the model minefield is:

TYPE: Deliberate barrier

DENSITY: 1-4-8 (AT; AP Frag.; and AP blast respectively)

STRIPS: 8 (Plus IOE)

IOE: 1-2-2

FRONT: 406 Meters

MINE TYPE: AT-MI 5's, AP Frag.-Ml 6's, AP Blast-M 14's.

MINE TOTALS: Includes IOE and 10% Safety Factor (See Table XIX)

NIANtIOURS: Based on laying rate of 4 AT, or 8 AP Frag., or 16 AP Blast mines
per manhour. Includes 20% factor to compensate for minefield
siting, marking, and recording.

3 "Landmine Warfare," FM 20-32, August 1966.

381bid.

39"Staff Officers' Field Manual Organization, Techrucal, and Logstical Data Unclassified Data." FM 101-10-1,
January 1966.

40" Army Adopted/Other Selected Items and List of Reportable Items," DA Supply Bulletin SB 700-2,

I September 1971.
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Standard minefields range in densities from 1-1-1 to 34-8, and the
model minefield with a 14-8 density is a median value. The types of mines used are
typical according to FM 101_10_1.41 The trucks used to transport the crated mines to
the site of the minefield are a necessary part of minefield laying. In order to avoid
errors in prorating the cost of the trucks, this cost will be included as a range from zero
to the full cost. The mine-laying party may vary in size between 33 and 39 persons,42

so the time duration for laying the field is also a range of values.

Table XXXIV gives the laying costs of the 14-8 model minefield.

Table XXXIV. 14-8 Model Minefield Laying Costs

Lin Description Unit Cost Materiel Cost Man- Time Duration
(S) ($) hours (Hr)

N147863 Mine, AT, M) 5 $ 21.82 $ 14,532 - -

M46082 Mine, AP Frag, M16 14.97 37,874 - -
M45945 Mine, AP Blast, M14 2.80 13,790 - -

M49096 Minefield Marking Set 465.00 465-1,395 - -
B29395 Barbed Wire, 1000-ft reel 30.00 810 - -
P21807 Pickets, U-shaped, 6 ft 0.82 166 - -

X40831 Truck Cargo: 5-ton 6x6 LWB 10,570.00 0-73,990 - -
Manpower - - 950 39.6-52.8

t, (I Off, 7 NCO, 25-31 EM)(TOTAL $67,637-$142,557 950 39.6-52.8

Effect of Increasing Minefield Density to 3-4-8.

The model mincfield for this study has a density of 1-4-8. This density
was deliberately chosen as a mid-value between the !-1-1 and the 34-8 minefields listed
in Table 4-5 of FM 20-32.43 It is the intention of the authors to thoroughly investigate
the 3-4-8 minefield and to compare it to the previously discussed 1-4-8 minefield. In a
similar manner, a less dense minefield will, if time permits, be compared to the other
two. These density variations will provide the framework for a sensitivity analysis of
density.

4 1"Staff Officers' Field Manual Organization, Technical, and Logistical Data Unclassified Data," FM 101-10-1,
January 1966.

4 2.1Landmine Warfare," FM 20-32. August 1966.
4 31bid.
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Some probable points of interest can be mentioned at this time. Going
to a 3-4-8 minefield should have little or no effect on dismounted breaching activities
to clear a footpath of anti-personnel mines since the total number of anti-personnel
mines is still the same even though there are nine strips instead of eight. The depth of
the field does increase-by one strip-and this might add a small increment of time;
however, since the major time factor is blowing the mines in-place and since this factor
should not change, the total elapsed time should remain relatively constant.

Breaching by means of line charges and bangalore torpedoes should ex-
perience little change in time required.

increasing the anti-tank mine density will, obviously, have a profound
influence on armored vehicle losses and the associated costs. Based on the study to
date, there is good reason to believe that the losses-both with and without removal-
will increase by a factor of three. The time to traver. , quite probably will a!-i) go up
by a factor of three.

The detailed sensitivity analysis planned for a later phase of this study
will provide considerably more information as well as a firmer basis for future decisions
in the area of countermine techniques.

III. DISCUSSION

7. General. The baseline described in this report follows Army doctrine; em-
ploys a standard Army minefield; and incorporates only type-classified materiel.

Three basic types of breaching operations were considered: dismounted;
armored vehicle traversing; and combined dismounted - armored vehicle.

A total of 14 breaching paths was chosen in a somewhat random manner for
dismounted operations, and the following techniques were examined in some detail:

a. Manual probe and destroy in place
b. Detect (AN/PRS-7) and destroy in place
c. Bangalore torpedo plus AN/PRS-7 plus destroy in place
d. Blind destroy in place via M157 snake
e. Blind destroy in place Aia M 173 rocket.

These techniques were used to calculate the resources in time, labor, materiel dollars,
energy, weight, volume, and vehicles that might be directly associated with breaching.
The subject of casualties has als6 been addressed; iit, frow. the broad range of
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conditions to be encountered in breaching, quantitative treatment is difficult. As a
temporary analytical expedient, a time-casualty relationship has been postulated to in-
dicate the intuitive importance of time at the minefield.

A total of 12 random paths was used to study the resource costs of armored
vehicle breaching. Three vehicles were studied separately:

(1) 41113 Carrier, Personnel, Full-Tracked; Armored
(2) M557 Armored Recon, Airborne Assault Vehicle
(3) M60 Tank, Combat, Full-Tracked.

Two breaching techniques were used. In each technique a column of vehicles
enters the minefield and continues until the lead vehicle is immobilized. Then, either
(a) the second vehicle proceeds around the first until it, too, is immobilized and the
process is repeated; or (b) each immobilized vehicle is pulled straight back to the point
of minefield entry and then the column proceeds along the same track.

Finally, the same random paths were used to study the resource costs of
combined dismounted-armored vehicle breaching. The same three armored vehicles
were also used with two dismounted techniques:

(1) When the lead vehicle of a column becomes immobilized, dismount-
ed personnel clear a short path around the vehicle; the column then takes this path un-
til the lead vehicle is immobilized and the process is repeated (short sweep).

(2) When the !ead vehicle of a column becomes immobilized, dismount-
ed personnel clear a path through the remainder of the minefield (long sweep).

The resource penalties or costs associated with each of these methods of
breaching are summarized in Table XXXV. The resources considered are time, labor,
materiel dollars, energy, weight, volume, casualties, and armored vehicles. A quantita-
tive estimate was calculated for each resource by means of relatively simple scenarios
with emphasis upon the operations cycle of the countermine system. Some considera-
tion of the logistics burden was introduced by including estimates of materiel weight,
materiel volume, and energy. Also, energy considerations were introduced in the belief
that further analysis of energy and energy rate relationships between the mine and the
countermine systems may lead to a better understanding of fundamentals.

There are many ways to graphically present and summarize the relationships
that have been developed. Cost in dollars is, by tradition, usually given early analytical
attention even though this cost does not usually dominate the final comparison or selec-
tion process. Then, for illustration purposes, five graphs are used to show the trends
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and tendencies of the calculations. Each graph presents breaching time range plotted
against materiel cost in dollars range. Figure 33 covers the dismounted breaching oper-
ations which include the M173 (Rocket), M157 (Snake), Detector, Bangalore, and
Manual Probe. Figure 34 covers breaching operations using the M 113 alone and in com-
bination with dismounted support. Dismounted breaching is also shown as a breach
method to precede the vehicle. Figure 35 covers breaching operations using the M551
alone and in combination with dismounted support. Dismounted breaching is again
shown as a breach method to precede the vehicle. Figure 36 covers the M60 in a similar
manner. Finally, the average value for each of the above breaching methods is presented
in Fig. 37. The empirical equation

y = 205,900 x-0 426 70 1

where y = materiel cost in dollars
x = breaching time in hours

has been calculated by the least squares method and its derivation is included in Appen-
dix D. The minefield ii.stallation time and materiel cost is also shown not only to pro-
vide reference but also to emphasize the eventual importance of relative rather than ab-
solute costs.

One of the more obvious generalizations that may be drawn from Fig. 37 is
that rapid breaching carries a heavy materiel cost penalty. Further examination of Table
XXXV also indicates that breaching time may have similar relationships to labor, casual-
ties, energy, and logistics burden for the range of breaching methods studied. Note at
this point also that log-log plots of data tend to present a picture that is quite different
from the same data on Cartesian coordinates (Fig. 38).

The resource cost or resource penalty relationships derived from these coun-
termine models should be interpreted and utilized carefully because the real world in
which countermine systems must operate is complex indeed. These simple models do
not imply a simple world but are only approximations to provide a rational study struc-
ture. The quantitative treatment of resources does, however, provide a reasonable yard-
stick for the objective comparison of systems and subsystems concepts that will follow.
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IV. CONCLUSIONS

8. Conclusions. It is concluded that:

a. Dilemma. One conclusion that may be drawn from the breaching
models developed by this study is that present day countermine systems present the
field commander with a dilemma. He must eventually choose between either a slow,
costly breach system or a rapid, costly breach system. "Cost" in this sense has reference
to one, many, or all of his resources such as time, labor, dollars, logistical burden, fuel,
armored vehicles, casualties, morale, surprise, stealth, shock, and momentum, to name
but a few.

To pursue thig rationale a bit further, it also appears that future counter-
mine systems must break the dilemma by drastically expanding the options of counter-
mine warfare. In matrix form, the options are:

low breach time high breach time

low resource penalty need have

high resource penalty have have

b. Nonlinear Approach. It may also be concluded that conceptual systems
and their supporting component development work must be directed to achieving a
capability to breach rapidly with resource pcr.alties significantly lower than the penalties
of today. There are strong grounds to support the contention that logical although
linear extensions of the state-ot-the-art will not fill the bill. The slope of the curve

y = 205,900 x 0.426701 and other resource penalties must be reduced. If nonlinear results
are required, then the studies must first begin to adopt a nonlinear, nontraditional ap-
proach to system synthesis and component developm,nt.

C. Mine, Countermine, Barrier Studies, It is further concluded that this
study of countermine systems should be expanded to permit the parallel analysis of
mine systems and barrier systems. The incremental cost of this expansion should be
roughly 100% and yet will permit the development of a total military systems perspec-
tive by simultaneous consideration of system and counter system. Models and simula-
tions will also be improved.

d. Statistical Analysis. When sufficient data are available, the techniques 4
of statistical inference should be employed to gain new insight into countermine sys-
tems. It is antic'.)ated that the required data will be available in the next phasc of this
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study. Parametric analyses of minefield breaching is planned.

Analysis of variance, multivariate correlation, and other ar alyzical methods
will be used where applicable. Confidence limits will be established. An investigation
of distributions will be undertaken.

These analysis should lead to a better understanding of all aspects of the sys-
tem interface problems and a firmer basis for trade-off analyses.
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APPENDIX A

ESTIMATIONS OF PENALTIES INCURRED DURING
BREACHING OPERATIONS DUE TO COVERING FIRES

The time, labor, and materiel costs calculated in this report are based upon the as-
sumption that no losses due to covering fire were incurred. Casualty effects were omit-
ted from this report to provide a basis for comparison of alternative countermine sys-
tems exclusive of the highly scenario dependent effects of casualties. Reference was
made in Paragraph 6 to the expected relationship between exposure time at the barrier
and casualties incurred. It has been pointed out that the number of casualties incurred
by a force delayed in a minefield which is covered by enemy fire doubles in the first 5
minutes of exposure and increases by a factor of 12 during the first hour of exposure. 44

In order to estimate the effect of covering fire upon breaching penalties, a very simple
scenario was used in conjunction with the above mentioned casualty rate.

In order to study casualty effects upon breaching operations, it was assumed that
the covering fire for a barrier was such that each 37-man platoon exposed in the barrier
will incur one casualty in the first 5 minutes of exposure, thus, one casualty will be in-
curred during each additional 5 minutes of exposure. It is further assumed that this
level of fire will continue during the entire breaching operation. With the addition of
covering fire and casualties to the barrier breaching calculations, medical evacuation
teams must be added to the breaching party. It is assumed that 3 men would require
about 20 minutes to evacuate one casualty from the barrier minefield; thus, a minimum
of four evacuation teams must accompany each 37-man platoon. The evacuation teams
will also be subject to casualties at the same rate as the mine-clearing team. If all of
these factors are taken into consideration, the casualty rate for this scenario is .4308
casualties/exposed manhour.

The estimates of casualties and costs were only calculated for breaching operations
involving dismounted personnel since vehicle losses to covering fires were not calculated.
The results of these calculations are shown in Table A-I. The relationship of casualties
to breach time for the standard breaching methods is shown in Fig. A-1.

44Family of Scatterable Mines," Phase 11 Report, Vol 1, 70826, ACN 17852, CDC Engineering Agency, 1 Feb 72.
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Imp
APPENDIX B

MAJOR HARDWARE ELEMENTS OF THE COUNTERMINE SYSTEM

Major lHardware Elements of the System are as of I September 1971 via SB 700-20:

Hardware and Procedural Data for

Detection

I Marking
Detonation in Place
Lane Marking
General Mission Support
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APPENDIX C

CALCULATIONS FOR ENERGY EXPENDED IN BREACHING

Example 9 Fuel Rate: 6.4 gallons per hour
6.4 x 6.45 x 18000 = 743,000 Btu/hour

Fuel Supply: 80 gallons
80 i 6.45 x 18000 = 9,288,000 Btu

0.071 hour x 743,000 = 52,753
9,288,000 x 4 = 37,152,000

37,204,753 Btu

Example 10 1.009 hours x 743,000 743,000 Btu
9,288,000 x 3 = 27,864,000

28,607,000 Btu

Example 11 Fuel Rate: 5.3 gallons per hour
5.3 x 6.45 x 18000 = 615,330 Btu/hour

Fuel Supply: 158 gallons
158 x 6.45 x 18000 = 18,343,800 Btu

0.085 hour x 615,330 = 52,303 Btu
18,343,800 x 9 165,094,000

165,146,503 Btu

Example 12 0.97 hour x 615,330 = 596,870 Btu
18,043,800 x 4 73,375,200

73,972,070 Btu
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Example 13 Fuel Rate: 20 gallons per hour
20 x 6.45 x 18,000 - 2,322,000 Btu/hour

Fuel Supply: 375 gallons
375 x 6.45 : 18,000 = 43,537,500 Btu

0.057 hour x 2,322,000 = 132,354 Btu43,537,500 x 2 = 87,075.000

87,207,354 Btu (low)

0.29 hour x 2,322,000 = 673,380 Btu43,537,500 x 21 = 914,287,500

914,960,880 Btu (high)

Example 14 0.38 x 2,322,000 882,360 Btu
43,537,500 x 2 = 87,075,000

87,957,360 Btu (low)
1.92 x 2.322,000 4,458,240 Btu
43,537,500 x 7 304,762,500

309,220,740 Btu (high)
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ENERGY COSTS, $/Btu

Btu/ea Cost/ca Cost/Btu
M15 AT 45,100 $ 21.82 $0.00048
M16 AP Frag 2.100 14.97 0.0071M 14 AP Blast 108 2.80 0.026Charge Demo 2,100 0.77 0.00037Bangalore 

18,450 106.00 0.0057M 157 (Snake) 6,560,000 10,786.00 0.00164M 173 (Rocket) 3,526,000 8,137.00 0.0023
Gasoline 

1 gallon O.15/galion 0.000008
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APPENDIX D

EMPIRICAL EQUATION FOR BREACH TIME AND MATERIEL COST

An empirical equation has been derived for the average values of Fig. 37. The
technique used is that presented ir, Article 167, "Numerical Mathematical Analysis,"
by James B. Scarborough, Sixth Edition.

The equation is y = 205,900 x- 0.426701, where y = materiel cost in dollars and
x = breach time in hours. The equation should be reasonably accurate since it is noted
that the residuals are of varying signs and the sum of the squares of the residuals is
small.

The equation was derived as follows:
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Example Breach Time Materiel Cost
(Hours) (Dollars)

No. x y

M 113-9 .043 61,000
M551-11 .05 966,000
M60-13 .17 2,433,000
M551-12 .53 430.000
Mi 13-10 .6 46,000
M60-14 1.15 910,000
Dism-7 2.3 224,000
Dism-6 3 226,000
M551-17 3.8 367,000
MI 13-15 4.43 80,500
M60-19 5.9 466,000-
NM551-18 18 206,000
M113-16 21 51,500
M60-20 23.7 211,000
Dism-2 25.3 27,500
14-8 MF 48 105,000
Dism-8 81.5 39,000
Dism-4 501 12,000

I'
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y =ax"

therefore Log y =Log a + n Log x

The residuals are really:

v~~ax1 ~ -y x- y., etc.

But, with little error:

v' = Log a +nLog x, - Log y1

2v '=Loga + nLogx 2 - Log Y2
etc.

V'= Log a +2.633468n -4.785330
v2= Log a + 2.698970n - 5.9894977

v'3  = Log a +1.230449n -6.386142
v4= Log a + 1.724276n - 5.633468

V'S = Log a+ 1.778151 n -4.662758

V6 = Log a + 0.060698n - 5.959041
v7= Log a + 0.36 1728n - 5.350248
vs= Log a +0.47712 In -5.3 i4108

v = Log a + 0.579784n -- 5.5()4666
v0o = Log a + 0.646404n -4.905-796

v', = Log a + 0.770852n -5.668386

IV= Log a +1.255273n-5.313867
IV= Log a+ 1.322219n-4.711807

V14 =Log a+ 1.374748n-5.324282
vs= Log a+ 1.403121n-4.439333

V6= Log a+ 1.681241n -5.021189

V7= Log a+ 1.911158n -4.591065
via = Log a+ 2.699838n -4.079181
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18 Log a + 4.478871 n = 93.735644

4.478871 Log a + 44.5297978980n = 4.79852765297

or

44.529798n + 4.478871 Log a = 4.7985281 Normal Equations

4.478871n + 18 Log a = 93.735644 J
4.798528 4.478871

93.735644 18 -333.456354
n == - - 0.426701

44.529798 4.478871 781.476078
4.478871 18

44.529798 4.798528
4.478871 93.735644 4152.537305

Loga = = = 5.313710
781.476078 781.476078

therefore: a = 205,900
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v = 1.652083 IV2 = 7.616736
V2= 0.480386

V3= -0.546387
v4 = 0.415992I

vs = 1.409691
v = -0.671231
V7 = -0.190888
Vs = -0.243986
V9 = -0.498350

vo = 0.132093
Vr: -- 0.683599

1 = -0.535783

V3a = 0.037711
iVl4 = -0.597178
V'5 = 0.275664
V#16 = -0.424866
v17 = -0.092848

v'18 = 0.082505
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